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Abstract

Improvements in spiral-bevelgear design were

investigatedto support the Army/NASA Advanced

Rotorcraft Transmission program. Program objectives

were to reduce weight by 25 percent,reduce noise by

10 dB, end increaselifeto 5000 hr mean-time-between-

removal. To help meet these goals, advanced-design

spiral-bevelgearswere testedin an OH-58D helicopter

transmissionusingthe NASA 500-hp HelicopterTrans-

missionTest Stand. Three differentgear designstested

included:(1) the current design of the OH-58D trans-

missionexcept gearmaterialX-53 insteadofAIS19310,

(2)a higher-strengthdesignthe same as the currentbut

with a fullfilletradius to reduce gear tooth bending

stress(and thus,weight), and (3)a lower-noisedesign

the same as the high-strengthBut with modified tooth

geometry to reduce transmissionerrorand noise.Noise,

vibration,and tooth straintestswere performed and

significantgear stress and noise reductions were
achieved.

Introduction

Spiral-bevelgearsareused extensivelyinrotorcraft

applicationsto transferpower and motion through non-

parallelshafts.In helicopterapplications,spiral-bevel

gearsareused inmain-rotor and tail-rotorgearboxes to

drivethe rotors.In tilt-rotorapplications,they are used

/n interconnectingdrivesystems to provide mechanical

connection between two prop-rotorsin case one engine

becomes inoperable.Even though Spiral-bevelgearshave

had considerablesuccessin theseapplications,they are

a main source of vibrationin gearboxes, and thus, a

main sourceofnoiseincabininteriors(Lewickiand Coy,

1987;Mitchell,etal.,1986).Inaddition,higherstrength

and lower weight are required to meet the needs of

future aircraft(Vialle,1991). An effortto improve the

technology ofcomponents such as spiral-bevelgearshas

been the Advanced Rotorcraft Transmission (ART)

program.

The ART program was an Army-funded, Army/

NASA program todevelopand demonstrate lightweight,

quiet,durable drivesystems for next generation rotor-

craft (Bill,1990). The ART program goals were to

reduce drivesystem weight by 25 percent,reduce noise

by 10 dB, and increase lifeto 5000 hr mean-time-

between-removal by using new ideasin gear configura-

tion, transmission concepts, and eirframe-drivetrain

integration.The successof the ART design configura-

tions in meeting the program goals depended on the

successfulincorporation of certain critical,advanced

technologies into the preliminary designs. The U.S.

Army Vehicle Propulsion Directorate,NASA Lewis

Research Center, Bell Helicopter Textron (one ART

contractor participant),the University of Illinoisat

Chicago (subcontractortoBellHelicopterTextron), and

the Gleuson Works (subcontractor to Bell Helicopter

Textron) were involved in a joint project to improve

spiral-bevel gears. The project goals were to reduce bevel

gear noise and increase strength through changes in gear

tooth surface geometry, and tooth f_et and root designs

(Henry, 1991; Henry, 1992).

Various investigatorshave studied spiral-bevel

gears and theirinfluenceon vibration and noise(Litvin

and Zhang, 1991a; Gosselin, 1991; Fong and Tsay,

1992). Most agree that transmission error, defined as the

difference in relative motion of an output gear with

respect to the input pinion, is the major contributor to

undesirable vibration and noise. A common practice is

to modify spiral-bevel gear surface topology to permit

operation in a misaligned mode. Over compensation for

this type of operation, however, leads to large



transmissionerrorand highernoiseand vibrationlevels.

In the Army/NASA/Bell jointproject,gearswith tooth

surfacesdesigned for reduced transmissionerrorsusing

methods of Litvin and Zhang (1991a) were manufac-

tured and tested.The teethwere designed to exhibita

parabolicfunction of transmissionerrorat a controlled

low level(8to 10 arcsec).The low levelof transmission

error reduces the vibration and noise caused by the

mesh. The new tooth geometries for thisdesign were

achievedthrough slightmodli_cationofthe machine tool

settingsused in the manufacturing process.The design

analyses addressed tooth generation, tooth contact

analysis,transmission error prediction,and effectsof

misalignment (Litvinand Zhang, 1991a; Litvin et al.,

1991b; Litvinet al.,1991c).

Also aspart ofthe Army/NASA/Bell project,gears
with tooth i'dletand root modifications to increase

strength were manufactured and tested.By increasing

these radii,reduced stresseswere achieved, and thus,

increasedstrength.Tooth f'dletradiilargerthan thoseon

currentgearswere made possibleby recent advances in

spiral-bevelgear grinding technology (Scott, 1991).

Advanced gear grindingwas achieved through redesign

of a current gear grinderand the additionof computer
numerical control.

The objective of this report is to describe the

resultsof the experiments to evaluate advanced spiral-

bevelgear designs.The work was part ofa joint Army/

NASA/Bell projectin support of the ART program.

Experimental testswere performed on the OH-58D

helicoptermaln-rotor transmissioninthe NASA 500-hp

Helicopter Transmission Test Stand. The baseline

OH-58D spiral-bevelgear design,a low-noise design,

and a high-strengthdesignwere tested.Resultsof noise,

vibration,and tooth straintestsare presented.

Apparatus

OH-58D Main-Rotor Transmission

The OH-58 Kiowa is an Army single-engine, light,

observation helicopter. The OH-58D is an advanced ver-

sion developed under the Army Helicopter Improvement

Program (AHIP). The OH-58D main-rotor transmission
is shown in Fig. 1. It is currently rated at maximum

continuouspower of34e kW (4e4 hp) at6016 rpm input

speed,with the capabilityof 10 sec torque transientsto

485 kW (650 hp), occurringonce per hour, may_'uum.

The m_in-rotor transmissionis a two-stage reduction

gearbox with an overallreductionratioof 15.23:1.The

firststage is a spiral-bevelgear set with a 19-tooth

pinion that meshes with a 62-tooth gear. Triplex ball

bearingsand one rollerbearingsupport the bevel-pinion

shaft. Duplex ball bearings and one roller bearing

support the bevel-gearshaft.Both pinion and gear are

straddlemounted.

A planetary mesh provides the second reduction

stage.The bevel-gearshaftissplinedtoa sun gear shaft.

The 27-tooth sun gear meshes with four 35-toothplanet

gears,each supported with cylindricalrollerbearings.

The planet gearsmesh with a 99-tooth fLXedring gear

splinedto the transmissionhousing.Power istaken out

through the planet carriersplinedto the output mast

shaft.The output shaftissupported on top by a split-

inner-raceballbearingand on bottom by a rollerbear-

ing. The 62-tooth bevel gear also drives a 27-tooth

accessory gear.The accessory gear runs an oilpump,

which supplieslubricationthrough jetsand passageways

locatedin the transmissionhousing.

Spiral-BevelTest Gears

Three differentspiral-bevelgear designs were

tested.The firstwas the baseline OH-58D design.

Table Ilistsa varietyofparameters forthisbaselineset.

The reductionratioof the bevelset is3.26:1.The gears

were made usingstandard aerospacepracticeswhere the

surfaceswere carburisedand ground. The materialused

for alltestgearswas X-55 (AMS 6508) ratherthan the

conventionalAISI 9310 (AMS 6265).

The second spiral-beveldesign tested was an

increasedstrengthdesign.The configurationwas identi-

cal to the baselineexcept that the tooth fdletradiusof

the pinionwas increasedfrom 0.51 to 1.03mm (0.020to

0.040 in.), and the gear was made full lrdlet (Fig. 2). The

high-strength design was made possible by recent

advances in gear grinding technology (Scott, 1991).

The thirdspiral-beveldesigntestedwas alow-noise

design. The low-noise design was identicalto the

increased-strengthdesign exceptthe pinionwas slightly

alteredto reduce transmissionerror.The gear member

was unchanged. The low-noisedesign was based on the

ideaoflocalsynthesisthat provided atthe mean contact

point the followingconditionsof meshing and contact

(Litvin and Zhang, 1991a): (1} the required gear ratio

and its derivative, (2)the desired direction of the

tangent to the contact path, and ($) the desired major

axis of the instantaneous contact ellipse. The local

synthesis was complemented with a tooth contact

analysis.Using thisapproach, the machine toolsettings

for reduced noise were determined. As with the high-

strength design,precisecontrol of the manufactured

tooth surfaceswere made possibleby advances in the

finalgrinding operation machine tool (Scott,1991).

Figure $ givesa topologicalcomparison between a low-

noiseand baselinespiral-bevelpiniontooth.The dotted

linesare the baselinetooth datum and the solidlinesaxe



themeasureddifferencein topology ofa low-noisegear

compared to the baseline.Solid linesabove the dotted

plain indicatean addition of material and linesbelow

the plainindicatea removal. The effectofthe topologi-

cal change in the low-noise design was a reduction in

overallcrowning of the tooth,leadingto an increasein

contactratioand reduced transmissionerror.

NASA 500-KP HelicopterTransmission Test Stand

The OH-58D transmissionwas testedintheNASA

Lewis 500-hp helicoptertransmissionteststand (Fig.4).

The test stand operates on the closed-loopor torque-

regenerativeprinciple.Mechanical power recirculates

through a closed loop of gears and shafting,part of

which isthe testtransmission.The output of the test

transmissionattachesto the bevel gearbox.The output

shaftofthe bevel gearbox passesthrough a hollow shaft

in the closing-endgearbox and connectsto the differen-

tialgearbox.The output of the differentialattachesto

the hollow shaftin the closing-endgearbox. The output

of the closing-endgearbox connects to the speed de-

creasergearbox.The output ofthe speed decreasergear-

box attaches to the input of the test transmission,

thereby closingthe loop.

A 149-kW (200-hp) variable-speeddirect-current

(dc)motor powers the teststand and controlsthe speed.

The motor output attaches to the closing-endgearbox.

The motor replenisheslossesdue tofrictionsincepower

recirculatesaround the loop. An ll-kW (15-hp) dc

motor providesthe torque inthe closedloop.The motor

drives a magnetic particleclutch.The clutch output

does not turn but exertsa torque.This torque istrans-

ferred through a speed reducer gearbox and a chain

drivetoa largesprocketon thedifferentialgearbox.The

torque on the sprocketappliestorquein the closedloop

by displacingthe gear attached to the output shaft of

the bevel gearbox with respectto the gear connected to

the input shaftof the closing-endgearbox.This isdone

within the differentialgearbox through use of a com-

pound planetary system where the planet carrier

attaches to the sprocket housing. The magnitude of

torque in the loop isadjusted by changing the electric

fieldstrengthof the magnetic particleclutch.

A mast shaftloading system inthe teststand sim-

ulatesrotorloadsimposed on the OH-58D transmission

output mast shaft.The OH-58D transmissionoutput

mast shaftconnects to a loadingyoke.Two verticalload

cylindersconnected to the yoke produce liftloads. A

14 000-kPa (2000-peig)nitrogen gas system powers the

cylinders.Pressureregulatorsconnected to the nitrogen

supply of each of the load cylindersadjustthe magni-

tude of lift.Note that in the OH-58D design,the trans-

mission at no-load is misaligned with respect to the

input shaft.At 18 310 N (4120 lb) mast liftload, the

elastomericcornermounts ofthe OH-58D transmission

housing deflectsuch that the transmission isproperly

alignedwith the input shaft.(In the actual helicopter,

thisdesignservesto isolatethe airframe from the rotor

vibration.}

The testtransmissioninput and output shaftshave

speed sensors,torquemeters,and sliprings.Both load

cylinderson the mast yo]_eare mounted to load cells.

The 149-kW (200-hp) motor has a speed sensor and a

torquemeter. The magnetic particleclutch has speed

sensors on the input and output shafts and thermo-

couples.An externaloil-waterheat exchanger coolsthe

testtransmissionoil.A facilityoil-pumping and cooling

system lubricatesthe differential,closing-end,speed

increaser,and bevel gearboxes.The facilitygearboxes

have accelerometers,thermocouples, and chip detectors

for healthand conditionmonitoring.

Test Procedure

Two setsof the baselinedesign,two sets of the

high-strengthdesign,and one setofthe low-noisedesign
were manufactured and tested.Noise and vibrationtests

were performed on allsetsof each design.One setofthe

baselinedesign and one setof the high-strength design

was instrumentedwith straingages and straintestswere

performed on these gears.A descriptionof the instru-

mentation, testprocedure,and data reductionprocedure

isas follows:

Noise Tests

Acoustic intensity measurements were performed

using the two-microphone technique. The microphones

used had a fiat response (q-2 dB) up to 5000 Hz and a

nominal sensitivity of 50 mV/Pa. The microphones were

connected to a spectrum analyzer which computed the

acoustic intensity from the imaginary part of the cross-

power spectrum. Near the input region of the OH-58D

transmission, a grid was installed which divided the

region into 16 areas (Fig. 5). For each test, the acoustic

intensity was measured at the center of each of the 16

areas. Only positive acoustic intensities (noise flowing

out of the areas) were considered. The acoustic intensi-

ties were then added together and multiplied by the

total area of the grids to obtain sound power of the

transmissioninput region.

At the start of each test, the test transmission oil

was heated using an external heater and pumping sys-

tem. For all the tests, the oil used conformed to a

DOD-L-85734 specification. Once the oil was heated,

the transmission input speed was increased to 3000 rpm,

3



anominalamountof torque was applied, and mast lift

load was applied to align the input shaft (18 310 N,

4120 lb). The transmission input speed and torque were
then increased to the desired conditions. The tests were

performed at 100-percent transmission input speed

(6016 rpm) and torques of 50, 75, 100, and 125-percent
of maximum design. The transmission oll inlet tempera-

ture was set at 99 cC (210 °F). After the transmission

oil outlet stabilized (which usually required about

20 rain), the acoustic intensity measurements were
taken. The time to obtain the acoustic intensity meas-

urements of the 16 grid points was about 30 rain. For

each acoustic intensity spectrum at a grid point, 100

frequency-domain averages were taken. This data was
collected by a computer. The computer also computed

the sound power spectrum of the grids after all the

measurements were taken.

Vibration Tests

Ten piezoelectric accelerometers were mounted at
various locations on the OH-SSD transmission housing

(Fig. 6). The accelerometers were located near the input
spiral-l>eve] area (acce]erometers I, 2, and 10, measuring

radially to the input shaft), the ring gear area ($, 4,

and 9, measuring radially to the planetary), and on the

top cover (5 to 8, measuring vertically). Accelerometers

1 to 8 had a 1 to 25 000-Hz (4"$ dB) response, 4 mV/g

sensitivity, and integral electronics. Accelerometers 9

and 10 had a 2 to 6000-Hz (4-5 percent) response and

required charge amplifiers.

The vibration tests were performed in conjunction

with the noise tests. After collecting the acoustic intens-

ity data for a given test, the vibration data was recorded

on tape and processed off-line. The vibration data was
lateranalyzed using time averaging (Fig.7).Here, the

vibrationdata recorded on tape was input to a signal

analyzer along with a tach pulsefrom the transmission

input shaft.The signalanalyzerwas triggeredfrom the

tach pulsetoread the vibrationdata when the transmis-

sioninput shaftwas at the same position.The vibration

signalwas then averaged inthe time domain using 100

averages. This technique removed all the vibration

which was not synchronous to the input shaft.Before

averaging,the major tonesin the vibrationspectrum of

the OH-58D baselinedesign were the spiral-beveland

planetary gear fundamental frequenciesand harmonics.

Time averaging removed the planetary contribution,

leavingthe spiral-bevelcontributionfor comparing the

differentdesignconfigurations.

Strain Tests

Twenty straingages were mounted on the spiral-

bevel pinionsand 26 gages were mounted on the spiral-

bevel gears of one set each of the baseline and high-

strength designs(Figs.8 and 9).Gages were positioned

evenly across the tooth face widths with some in the

filletarea and some in the root area of the teeth.The

filletgages were placed on the drive side of the teeth.

The filletgages were alsopositionedat a point on the

tooth cross-sectionwhere a lineat a 45_ angle with

respecttothe tooth centerlineintersectsthe tooth profile

(Fig.8(b)).The filletgageswere placedthere tomeasure

maximum tooth bending stress.Previous studieson spur

gearsshowed that the maximum stresseswere at a line

30° to the tooth centerline(Hirt,1976).45° was chosen

for the current teststo minimize the possibilityof the

gages being destroyed due to tooth contact.In addition

to maximum tensilestresses,root stressescan become

significantin lightweight,thin-rimmed aerospace gear

applications (Drago, 1990). Thus, root gages were

centered between teethin the root to measure gear rim

stress.Tooth filletand root gages were placed on

successiveteeth to determine loading consistency.The

grid length of the gages was 0.381 mm (0.015 in.)and

the nominal resistancewas 120 fL The gages were

connected to conditionersusing a Wheatstone bridge

circuitryand using a quarter-bridgearrangement.

Static strain testswere performed on both the

spiral-bevelpinionsand gears.A crank was installedon

the transmission input shaft to manually rotate the

shaft _o the desired position (Fig.I0). A sensor was

installedon the transmissionoutput shaft to measure

shaft position.At the startof a test,the transmission

was completely unloaded and the straingage condition-

erswere zeroed.Conditionerspans were then determined

using shunt calibrations.The transmission was loaded

(using the facilityclosed-loopsystem) to the desired

torque,the shaftwas positioned,and the strainreadings

were obtained using a computer. This was done for a

varietyof positionsto get strainas a function of shaft

positionfor the differentgages.At the end of a test,the

transmission was again completely unloaded and the

conditionerzeroeswere checked for drift.All statictests

were performed at room temperature.

Dynamic straintestswere performed only on the

spiral-bevelpinions.The pinion gages were connected to

slipringsmounted on the input shaft.A slipringassem-

bly for the spiral-bevelgear was unavailable,and thus,

dynamic straintestsofthe gearwere not performed. The



test procedure was basically the same as the noise and

vibration tests, except that the transmission was not run

as long in order to maximize strain gage life.

Resultsand Discussion

Noise Tests

The noisespectrum (soundpower versusfrequency)

at 100-percenttorque isgiven in Fig. II. The results

shown are for set I of the baselineconfigurationend

set 1 of the low-noiseconfiguration.Among the domi-

nant spikesin the spectrum for the baselinedesign are

the spiral-bevelmeshing frequency(1905 I-Is)and second

harmonic (3810 Hz). Note that these tones are signifi-

centlyreduced forthe low-noisedesign.Other dominant

tones in the spectrum are at the planetary meshing fre-

quencies (fundamental at 652 Hz). The planetary tones

were not a_fectedby the low-noisedesign.Tones from

the facilityclosing-end gearbox (Fig.4) were also

dominant in the spectrum (fundamental at 790 Hz) end

as expected were not affectedby the low-noisedesign.

The effect of torque on sound power at the spiral-

bevel frequencies is given in Fig. 12. Both sets of the
baseline and high-strength designs end one set of the

low-noise design are included. The sound power is the

cumulation of the spiral-bevel meshing frequency

(1905 Ha) and second harmonic (3810 Hz). The baseline
and high-strength designs produced basically the same
noise since the difference between them was in the tooth

f'd]et geometry. There was some scatter in the baseline

and high-strength results due to manufacturing toler-
ances of the different sets end assembly tolerances. To

check assembly tolerances, the low-noise tests were

repeated two times. Here, the gears were completed
disassembled and reassembled in the transmission, end

the tests were repeated. The results showed the same

trend end were repeatable to within about 2 dB. The

general trend was a significant decrease in spiral-bevel

gear noise for the low-noise design compared to the

baseline and high-strength design. At 100-percent

torque, the noise due to the spiral-bevel mesh was 12 to
19 dB lower than that of the baseline and high-strength

designs. Also, a decrease in noise was most prevalent at

100 and 125-percenttorque and lessprevalentat 50 end

shows the dominant spikesforthe baselinedesign at the

spiral-bevelmeshing frequencies,and the significant

reductioninspiral-bevelgear vibrationforthe low-noise

design.The resultsofthe other nine accelerometerswere

similar.

The effectoftorque on vibrationforaccelerometers

1 end 5 isgiven in Fig. 14. Shown in the figureistime-

averaged accelerationprocessed up to 10 000 Hz. The

resultsaxe root-mean-square (rms) calculationsof the

time-domain signals.Since the time-averagingremoved

vibrationnonsynchronons tothe input shaft,the results

in Fig. 14 were basicallythe cumulation of the spiral-

bevel meshing frequency (1905 Hz) and second through

irtfth harmonics.

As with the noisemeasurements, the vibrationfor

the baselineend high-strengthdesignswere similarbut

with scatter.Again, the figureclearlyshows a significant

reductioninspiral-bevelgearvibrationforthelow-noise

design compared to the baseline and high-strength

designs.Like the noiseresults,the reductioninvibration

for the low-noise design was greater at the higher

torques(100 and 125 percent).The resultsof the other

eightaccelerometerswere similar.From the resultsofall

10 accelerometersend at 100-percenttorque,the vibra-

tion for the low-noise design due to the spiral-bevel

mesh was on the average 5 to 10 g'slower than that of

the baselineand high-strengthdesigns.

StrainTests

Figure 15 shows the results of a typical static

strain test of the spiral-bevel pinion. A uniaxial stress
field was assumed to exist at the strain gage and the

stress was determined by multiplying the measured

strain by ¥oung's modulus for steel. For a pinion fdlet

gage, the stress was f'trst compressive, then tensile. Since

the pinion drove the gear, the compression occurred
when the tooth in mesh prior to the strain-gaged tooth

was loaded, causing compression in the gage. As the

pinion rotated, the strain-gaged tooth was loaded in
single-tooth contact end the gage measured the maxi-
mum tensile stress. Similar conditions existed for the

pinion root gage except the gage measured the stress of

the pinion rim rather than tooth bending. The results

75-percenttorque.

Vibration Results

The vibrationspectrum (time-averagedacceleration

versusfrequency)foraccelerometerI (inputspiral-bevel

housing) at 100-percenttorque isgiven in Fig.13. As

with Fig. 11,the resultscompare set i ofthe baselineto

set 1 Of the low-noiseconfiguration.The figureclearly

for the spiral-bevelgear were similarto the pinion

e_ceptthe tensilestressoccurredbeforethe compression

sincethe pinion drove the gear.

Figure 16 shows the distributionofmaximum ten-

sileand compressive stressduring contact along the

tooth facewidth for the baselineand high-strengthde-

signs.The most important item to note isthe reduction

in maximum tensilebending stressof the high-strength

design compared to the baselinedesign.The maximum



tensilestressof thehigh-strengthdesignwas reduced on

the average 27 percentcompared to the baselinefor the

spiral-bevelpinion (Fig.16(a)).There was, however, an

increaseinthe maximum compressiveftUetstressforthe

spiral-bevelpinion. Thus, the alternatingstressof the

hlgh-strengthdesignwas reduced on the average 14 per-

cent compared to the baseline{thealternatingstressis

definedas the maximum tensilestressplus the absolute

value of the maximum compressive stress).For the

spiral-bevelgear, the maximum tensilestressof the

high-strengthdesignwas reduced on the average 10 per-

cent compared to the baselineand the alternatewas

reduced on the average 12 percent (Fig. 16(c)). Thus,
the increase in IrtUet radii of the high-strength design has

a significantbenefit in increasingthe tooth bending

capacityof the gear tooth.

There was a significantincreasein the maximum

compressiveroot stressof the high-strengthdesign com-

pared to thebaselinespiral-bevelpinion(Fig.16(b))and

a slightincrease for the gear (Fig.16(d)).This was

probably due to the removal of material for the in-

creasedfillet,thus lowering the rim thickness.For the

OH-58D design,thisincreaseinstressisacceptable,but

in general, these effectsneed to be considered in a

design.

Figure 16 also shows the resultsof the dynamic

straintestsforthe spiral-bevelpinion.The resultsof the

dynamic strain testsmatched closelyto those of the

static.The stress-positionplotswere similaras well as

the maximum and minimum stresses,indicating no

detrimentaldynamic effects.

Summary ofResults

Advanced-design spiral-bevelgears were testedin

an OH-58D helicoptertransmissionusing the NASA

500-hp Helicopter Transmission Test Stand. Three

differentgear designs were tested.The baselinedesign

was the current design of the OH-58D transmission,

except the gear material was X-53 rather than AISI

9310. The second design was a higher-strengthdesign

which was the same as the baselinebut incorporateda

fullrtlletradiustoreduce gear toothbending stress.The

thirddesign was a Iower-nolsedesign which was the

same as the high-strength design except the tooth

geometry was modified to reducetransmissionerrorand

noise. Noise, vibration, and tooth strain tests were

performed. The followingresultswere obtained:

I.For the baselinespiral-bevelgear design,domi-

nant tonesinthe noiseand vibrationspectraoccurred at

the spiral-bevelmeshing frequenciesand harmonics. A

significantdecrease in the spiral-beveltones resulted

from the low-noise design.At 100-percenttorque, the

noise(sound power) due to the spiral-bevelmeshing fre-

quencies of the low-noisedesign was 12 to 19 dB lower

than that of the baseline and high-strength designs.

Using a time-averageprocessingscheme, the spiral-bevel

gear vibration of the low-noise design was 5 to 10 g's

lower than that of the baseline and high-strength

designs.

2.The increasedfilletradius of the high-strength

design had a significantbenefit in decreasing tooth

bending stress.For tests at 100-percent torque, the

spiral-bevelpinionmaximum toothbending stressofthe

high-strength design was on the average 27-percent

lower than that of the baseline design. There was,

however, an increaseinthe maximum compressivestress

at the centerof the tooth root.
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TABLE L--BASELINE SPIRAL-BEVEL GEAR DESIGN

PARAMETERS OF THE OH-58D MAIN-ROTOR

TRANSMISSION

Number of teeth,
pinion ................................... 19
gear .................................... 62

Diametral pitch ........................... 6.092

Pressure ugle, deg .......................... 20
Mean spiral _ng[e, deg ........................ 35

Shaft angle, deg ............................. 95
Face width, mm (in.) ; ................ 36.83 (1.450)
Fillet radius, mm (in.)

pinion ............................ 0.51 (0.020)
gear ............................. 1.65 (0.065)

Ou_ut

Ring 11 1 i W

--- - -:

F'Hure 1.--OH-S8D helicopter main-rotor transmission.

OH-58D baseline design High-strength design

,:.JII _1 L,," gear

_. _ Spiral

_. J(/ bevel

Input 1.91 mm

bevel b) Gear.

pinion Figure 2.--Comparison of OH-58D and high-strength spiral-
bevel gear designs.
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............. OH-58D baseline design

Low-noise design

Drive side

25.4 I.ml_ materiaI

_ _:, added

! Toe Topland : Heel removed

_..

Coast side

Figure3.--Topologicalcomparisonof OH-58D and low-no_se
spiral-bevelpinion.

200-hp dc motor-_

I
I

15-hpdc motorJ
t
I

MagneticparticledutchJ I
I

Torqueincreasergearbox--I

p

_ Differentia]

t,

_ _°

,#

x..

/

Speed decreasergearbox.-//

,/
Slip rings-./

Test transmission

Closing-endgearbox

/-- Recirculatingpower

gearbox

Mast Loadcylinders

F'_gure4.--NASA Lewis500-hp helicoptertransmissionteststand.
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9



O_,fGINAL

BLACK AND WHITE

PAGE

PHOTOG'RAiP_,

i Fil]et gages

.......

C-91-00212_

Rgure 9.--Strain gage locations on spiral-bevel gear.
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Figure &---Strain gage locations on spiral-bevel pinion. Figure 10.---Setup for static stress tests.
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